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Two-dimensional echocardiography was performed at
rest and during rapid transesophageal atrial pacing in
85 patients undergoing coronary arteriography for eval-
uation of chest pain. Transesophageal atrial pacing was
performed with 10 ms pulses of 6 to 27 rnA intensity;
the rate was progressively increased up to 150beats/min.
Four patients were excluded: two because atrial capture
was not achieved and two because of chest discomfort
induced during transesophageal atrial pacing. Of the
remaining 81 patients, 56 had significant coronary artery
disease (2:75% stenosis of at least one major coronary
vessel)and 25 had no significant coronary artery disease;
25 of the 56 patients with coronary artery disease had
no wall motion abnormalities at rest.
The test was considered positive if wall motion ab-
normalities were detected during pacing. Wall motion
abnormalities occurred in 3 of 25 patients without coro-
nary artery disease (specificity 88%) and in 51 of 56
patients with coronary artery disease (sensitivity 91%).
The presence of significant coronary artery disease can be
assessed by two-dimensional echocardiographic detection
of left ventricular wall motion abnormalities. However, these
abnormalities may be absent at rest. Thus, exercise has been
used during two-dimensional echocardiographic studies to
elicit global (depressed ejection fraction) and regional (wall
motion abnormalities) impairment of left ventricular func-
tion (1-6). Despite its diagnostic value, exercise two-di-
mensional echocardiography has not gained widespread ac-
ceptance as a clinical tool because its use is limited by
several technical factors.
Rapid atrial pacing has been used as an alternative to
exercise for the detection of coronary artery disease (7-16),
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Wall motion abnormalities developed in 20 of· the 25
patients with coronary artery disease and normal re-
gional wall motion at rest (sensitivity 80%); sensitivity
for one, two and three vessel disease was 85% (17 of 20
patients), 94% (15 of 16 patients) and 95% (19 of 20
patients), respectively. In patients without coronary ar-
tery disease, wall motion score was 18 at rest and 17.7
± 0.9 during pacing (p = NS). In patients with coronary
artery disease, wall motion score decreased from 15.2
± 3.6 at rest to 11.6 ± 4.1 during pacing (p < 0.001).
In patients with coronary artery disease and normal
regional wall motion at rest, wall motion score decreased
from 18 at rest to 14.4 ± 3.1 during pacing (p < 0.001).
Thus, two-dimensional echocardiography during
transesophageal atrial pacing appears both sensitive and
specific in detecting patients with coronary artery dis-
ease. This new procedure is a feasible and reliable al-
ternative to exercise two-dimensional echocardiography.
(J Am Coil CardioI1985;5:1188-97)
but it has been achieved with use of a transvenous catheter
located in the right atrial cavity. Therefore, even if repro-
ducible and effective as a stress test, its use has been strongly
limited by its invasive nature. Atrial pacing, however, can
also be performed noninvasively by transesophageal atrial
stimulation and is now currently utilized for electrophysi-
ologic studies in many laboratories (17-23).
Rapid atrial pacing obtained by transesophageal stimu-
lation performed in association with two-dimensional echo-
cardiographic imaging of the left ventricle was recently in-
troduced in our laboratory for evaluation of regional left
ventricular abnormalities (24). In the present study, we as-
sessed the sensitivity and specificity of this technique in
detecting coronary artery disease in 81 subjects who under-
went coronary angiography for evaluation of chest pain.
Methods
Patients. One hundred consecutive patients undergoing
coronary angiography for the evaluation of chest pain en-
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tered this study. Patients with valvular heart disease, mitral
valve prolapse or cardiomyopathy were excluded. Two-di-
mensional echocardiographic study during transesophageal
atrial pacing was performed 24 to 48 hours before the in-
vasive study. Cardioactive drugs were withheld for 72 hours
before study. Nineteen of the 100 patients were excluded:
15 for poor quality two-dimensional echocardiographic im-
ages at rest, 2 because atrial capture was not achieved and
2 because of chest discomfort induced during transesopha-
geal atrial pacing.
Cardiac catheterization. Left heart catheterization was
performed using either the Sones or the Seldinger technique.
Two or more projections were obtained for each coronary
artery. Significant coronary artery disease was defined as a
luminal diameter narrowing of at least 75% in one or more
major coronary vessels.
Transesophageal atrial pacing. With the patient in the
supine position, a bipolar permanent transvenous catheter
(Medtronic 6992) with electrodes spaced 29 mm apart was
inserted through the nares into the distal esophagus. The
best catheter position was achieved when the unipolar atrial
electrogram showed the largest amplitudeand the most rapid
deflection on the proximal electrode connected to the pre-
cordial Y I lead of a standard three channel electrocardio-
graph. The pacing was performed using the proximal elec-
trodeas the cathode by a constantcurrentgenerator delivering
square wave pulses. In all patients, stable capture of the
atrium required 10ms pulses of 6 to 27 mA intensity. Pacing
was initially performed at a slow rate to ensure that the
ventricle was not paced. Then cycle length was progres-
sively decreased to 400 ms to select patients requiring pre-
medication with atropine sulfate (0.02 mg/kg intravenously)
because of a low Wenckebach conduction point.
Continuous atrial pacing was started at 110 beats/min
and increased every 2 minutes by 10 beats/min until chest
pain occurred or until a heart rate of 150 beats/min was
achieved. Our stimulator allows only 5 beats/min incre-
ments; therefore, we chose 150 beats/min as an end point
because this heart rate represents approximately 85 to 100%
of the age-predicted heart rate of the majority of patients
generally studied in our institution.
Two-dimensional echocardiography. Two-dimen-
sional echocardiographic studies were performed with a
Toshiba SSH 40A phased array system with a 2.5 or 3.5
MHz transducer. Two-dimensional echocardiographic im-
ages were stored on a lYC tape recorder (% inch [1.9 em]
cassette) with bidirectionalslow motion playbackcapability.
The examination was performed with the patient in the
supine or left lateral decubitus position. The left ventricle
was visualized by two orthogonal tomographic planes ob-
tainable from the apical approach: the four chamber and
two chamber views. These two views visualize the four
walls of the left ventricle. Two-dimensional echocardio-
graphic images were obtained after introductionof the trans-
esophageal catheter but before atrial pacing was begun and
every 2 minutes thereafter throughout the stress test, the last
recording being obtained after 3 minutes' pacing at the high-
est rate reached (usually 150beats/min). Blood pressure and
electrocardiogram were continuously monitored during the
whole examination.
Wall motion abnormalities were evaluated both at rest
and at peak pacing ineach patient. The evaluation was based
on the subjective impression of the inward motion of the
endocardial echo toward the center of the left ventricle and
the degree of thickeningof the myocardium. For the purpose
of this analysis, the left ventricle was divided into nine
segments, one segment for the apex and two segments for
each of the four left ventricular walls, so that each wall was
divided into basilar third, middle third and apex.
A wall motion score was derived by adding the scores
assigned to each segment . Wall motion was graded +2
(normokinetic), + I (hypokinetic),o(akinetic)and -I (dys-
kinetic). The wall motion score of a normokinetic left ven-
tricle was thus 18. The two-dimensional echocardiographic
images during rest and pacing were both interpreted side by
side before cardiac invasive procedure.
Wall motion analysis was obtained with a consensus
achieved by two experienced observers. To assess the in-
terobserver variability in detecting wall motion abnormal-
ities at rest and during pacing, two observers independently
interpreted 20 echocardiographic examinations. Intraob-
server variability was evaluated by one of the investigators
repeating the evaluation of 20 studies selected at random I
month after the first interpretation and without knowledge
of his first evaluation. A transesophageal atrial pacing two-
dimensional echocardiographic study was considered pos-
itive if wall motion abnormalities were noted during pacing,
whether or not these regional abnormalities were also pres-
ent at rest.
Exercise electrocardiogram. In addition to transeso-
phageal atrial pacing and two-dimensional echocardiog-
raphy, all but four patients underwent a standard 12 lead
electrocardiographicstudy at rest and during upright bicycle
ergometry. Electrocardiographic studies were performed
within I day of the echocardiographic study. Work load
was increased by 25 watt increments every 2 minutes until
chest pain, fatigue or limiting dyspnea occurred or maximal
predicted heart rate was achieved.
Exercise electrocardiography was considered positive if
the ST segment was depressed at least I mm below the rest
baseline level 0.08 second after the 1 point, with the ST
segment slope 0 or greater. Exercise tracings were read by
an experienced observer who was unaware of echocardio-
graphic and angiographic results.
Statistical analysis. Data are expressed as mean ± I
standard deviation. Comparison of changes of data (wall
motion score and rate-pressure product) in the same group
of patients was made with the t test for paired data. The
unpaired t test was used for comparisons between patient
groups. Sensitivity (%) was calculated as: true positive re-
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Table 1. Clinical, Angiographic, Electrocardiographic and Echocardiographic Findings in 81 Patients
Age (yr) Exercise ECG TAP-2D Echo
Case &Sex A Q Sn 2x RWMS PWMS 2x
I 57M 0 NP 18 18 21,000
2 54F 0 + 24,650 18 18 23,250
3 54F 0 18,630 18 18 16,900
4 36F 0 28,900 18 18 16,800
5 39M 0 28,900 18 18 20,250
6 59F 0 28,800 18 18 19,500
7 42M 0 22,800 18 18 21,000
8 57M 0 25,625 18 18 24,750
9 58F 0 + 25,650 18 14 24,000
10 45M 0 27,000 18 18 18,000
11 57F 0 32,300 18 18 21,000
12 49M 0 23,460 18 18 21,000
13 36M 0 36,100 18 18 19,500
14 49M 0 22,920 18 18 21,000
15 41M 0 + 30,000 18 18 18,000
16 63M 0 26,325 18 18 21,750
17 52F 0 25,500 18 18 24,000
18 54M 0 17,850 18 18 18,750
19 49M 0 16,500 18 16 18,000
20 56F 0 29,400 18 18 22,500
21 36M 0 40,700 18 16 21,000
22 55M 0 32,550 18 18 22,500
23 55M 0 24,400 18 18 19,500
24 55M 0 31,500 18 18 27,000
25 55F 0 32,550 18 18 24,000
26 41M I 14,725 18 18 19,500
27 57M I + 26,100 18 16 23,250
28 49M I + 40,320 18 13 22,500
29 69F 1 + 14,700 18 14 18,000
30 59M 1 25,000 18 16 22,500
31 65M I 38,850 18 18 22,500
32 46M 1 16,100 18 18 22,500
33 42M 1 11,400 18 14 22,500
34 39M I 24,480 18 16 18,000
35 31M I + 37,380 14 12 19,500
36 53M I + 20,400 13 13 21,000
37 60M I + 26,400 12 8 24,750
38 57M 1 + 29,450 15 13 21,000
39 50M 1 + + 26,600 5 2 21,000
40 37M 1 + 18,900 8 7 22,500
41 57M 1 + + 25,200 14 10 21,000
42 56M 1 30,000 16 12 27,000
43 33M 1 + 22,750 16 10 21,750
44 59M 1 + 28,500 14 8 22,500
45 53M I + 30,800 16 8 24,000
46 46M 2 + 22,400 18 12 21,000
47 57M 2 27,300 18 9 24,750
48 59M 2 + 34,100 18 16 25,500
49 50M 2 21,250 18 18 22,500
50 49M 2 32,000 18 16 22,500
51 58M 2 33,000 18 16 21,000
52 48M 2 + 14,040 18 9 22,500
53 64M 2 + 15,300 18 8 19,500
54 51M 2 + 15,660 16 13 20,800
55 45M 2 + + 28,560 17 10 27,000
56 57M 2 + 20,400 13 11 18,000
57 63M 2 NP 8 7 21,000
58 54M 2 + 21,000 7 6 21,000
59 52M 2 + + 27,750 16 14 19,500
(continued)
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Table 1. (continued)
Exercise ECG TAP-2D Echo
Age (yr)
Case &Sex A Q Sn 2 x RWMS PWMS 2 x
60 54F 2 + 26.640 17 13 18,000
6 1 52M 2 + 30.800 16 10 22,500
62 27M 3 + 26.600 18 13 16.200
63 56M 3 + 18,720 18 [6 15,600
64 50M 3 + 20,400 18 17 15.600
65 69M 3 + 29.400 18 12 28.500
66 69M 3 + 23.000 18 18 24,000
67 49M 3 + 19.000 18 13 25,500
68 65M 3 + 14,400 18 13 28,500
69 49M 3 + 15,400 18 Ib 22,500
70 62M 3 NP 10 9 26,000
71 48M 3 + 14,840 15 7 24,750
72 39M 3 + + 25,500 15 13 15,400
73 49M 3 + 18,200 17 15 14,300
74 40M 3 + 25,200 16 12 21,000
75 44M 3 + 12,240 17 9 21,000
76 52M 3 + 16.800 8 3 19,500
77 60M 3 + 17.000 9 9 21,000
78 59M 3 NP II 6 27.000
79 59M 3 + + 24, 300 8 3 21,750
80 45M 3 + + 20,250 10 4 21.750
81 56M 3 + 31.500 14 12 23,250
A = angiographic results (0 = no coronary artery disease, I = one vessel disease , 2 = two vessel disease, 3 = three vessel disease); ECG =
electrocardiography; Echo = echocardiography: F = female; M = male; NP = not performed; PWMS = wall motion score during transesophageal
atrial pacing ; Q = pathologic Q waves on rest electrocardiogram ; RWMS = wall motion score at rest; ST ~ = ST segment depression ; TAP =
transesophageal atrial pacing; 2 x = the product of heart rate and blood pressure; + = present; - = absent.
sults/(true positive results + false negative results) x 100,
Specificity (%) was determined according to: true negative
results /(true negative results + false positive. results) x
100. Significance was established at p < 0 .05. Statistical
correlations between evaluations by the two observers (in-
terobserver variability) and of the two evaluations by the
same observer (intraobserver variability) were made using
linear regression analysis.
Results
During atrial pacing , two-dimensional echocardiographic
images were of unchanged quality compared with those
during the basal state in all 81 patients. In each case, it was
possible to obtain apical views of diagnostic quality through-
out the entire test. Clinical, ang iographi c and echocardio-
graphic data of the 81 patients are summarized in Table I .
Twenty-five patients had no significant coronary steriosis
(three patients had a single 50% stenos is in one of the major
coronary vessels , the remaining 22 had normal coronary
arteries or a narrowing of less than 50 %). Fifty-six had
significant coronary artery disease: 20 had one , 16 had two
and 20 had three vessel disease . Eighteen patients had clin -
ical and electrocardiographic evidence of prior myocardial
infarction. There was no signific ant difference between the
age of patients without and with coronary artery disea se
(50 .5 ± 7 .96 versus 52 .1 ± 9 .38 years) .
Left ventricular wall motion abnormalities during
transesophageal atrial pacing (Fig. 1). Regional wall mo-
tion at rest was normal in. all 25 patients without significant
coronary artery disease (wall motion score = 18). During
peak pacing , regional wall motion abnormalities developed
in three patients . One of these three patients had effort
angina with a positi ve exercise electrocardiographic test re-
sult (2.5 mm of ST depression ) but norm al coronary arteries;
the other two had variant angina and a 50 % stenos is of the
right coronary artery. In this group, wall motion score
at peak pacin g was 17.7 ± 0 .9 (p = NS versus rest)
(Fig. 2).
Regional wall motion at rest was normal in 25 of the 56
pat ients with coronary artery disease (Group A), whereas
31 patients had at least one regional wall motion abnormal ity
at rest (Group B). All 18 pat ients with myocardial infarction
were in Group B.
Of the 25 Group A patients , 20 (80%) developed wall
mot ion abnormalities during peak pac ing (Table 2). Of the
31 Group B patients, 8 (26%) developed abnormalities dur-
ing pacing in regions that had been normal at rest; 11 (36%)
developed akinesia or dyskinesia in the same region that
was hypokinetic at rest; 10 (32%) had both new and in-
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Figure l. Apical four chamber echocardiographic
view of the left ventricle, at rest (R) and during
pacing (P) in a patient with significant coronary
artery disease and normal wall moiion at rest. The
endocardial border is accentuated for illustration
purposes. Notice the development of akinesia of the
apical segment of the septum and the apex. ED =
end-diastole; ES = end-systole .
creased wall motion abnormalities and 2 (6%) had no change
in the degree of regional dysfunction (Table 2).
In patients with coronary artery disease, wall motion
score was 15.2 ± 3.6 at rest (p < 0.001 versus patients
without coronary artery disease) and decreased to 11.6 ±
Figure 2. Wall motion score at rest (R) and during pacing (P) in
25 patients without coronary artery disease (No CAD) and 56 with
coronary artery disease (CAD). Wall motion score did not change
significantly in patients without coronary artery disease, but dem-
onstrated a signifi~ant decrease in those with coronary artery dis-
ease. Open circles indicate patients with normal wall motion at
rest. Closed circles indicate patients with abnormal wall motion
atrest,
4.1 (p < 0.001 versus rest) during peak pacing (Fig. 2). In
Group A, wall motion score was 18 at rest and decreased
to 14.4 ± 3. 1 (p < 0.001 versus rest) during peak pacing.
In Group B, wall motion score was 13.0 ± 3.6 at rest and
decreased to 9.3 ± 3.5 (p < 0.001 versus rest) during peak
pacing.
Wall motion score decreased from 15.3 ± 3.6 to 12.3
± 4.3 (p < 0.001) in patients with one vessel disease , from
15.9 ± 3.5 to 11.8 ± 3.6 (p < 0.001) in patients with
two vessel disease and from 14.7 ± 3.8 to 10.7 ± 4.4 (p
< 0.00 1) in patients with three vessel disease (Fig. 3).
Rate-pressure product at peak pacing rate was 21,5 10 ±
3,020.4.
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Table 2. Results of Two-Dimensional Echocardiography During
Transesophageal Atrial Pacing in 81 Patients
WMA N or I Positive
n at Rest WMA Test
No CAD 25 0 3 (12%) 3 (12%)
CAD 56 3 1 (56%) 49 (87%) 51 (9 1%)
Group A 25 0 20 (80%) 20 (80%)
Group B 31 3 1 (100%) 29 (93%) 3 1 (100%)
(YD 20 11 (53%) 16 (80%) 17 (85%)
2YD 16 8 (53%) 15 (94%) 15 (94%)
3VD 20 12 (60%) 18 (90%) 19 (95%)
CAD = coronary artery disease: Group A = patients without wall
motion abnormalities at rest; Group B = patients with wall motion ab-
normalities at rest; I = increased wall motion abnormalities ; N = new
wall motion abnormalities; No CAD = patients without coronary artery
disease; WMA = wall motion abnormalities: IYD, 2YD and 3VD = one,
two and three vessel disease, respectively.
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Figure 3. Wall motion score at rest (R) and during
pacing (P) in 20 patients with one vessel disease ( IVO),
16 with two vessel disease (2VO) and 20 with three
vessel disease (3VO). A signifi cant decrease in wall
motion score during pacing was observed in each group.
Open and closed circles as in Figure 2.
Specificity of transesophageal atrial pacing two-dimen-
sional echocardiography in detecting coronary artery dis-
ease was 88%. Sensitivit y was 91% for the entire coronary
artery disease group and 80% for Group A (Table 2) .
Sensitivity for one , two and three vesse l disease was 85,
94 and 95%, respectively (Table 2) .
An excellent correlation was observed between the two
assessments of wall motion score performed by the two
observers (r = 0.98 for rest and r = 0.95 for pacing) (Fig.
4). Similarly , an excellent intraobserver variability was also
observed. The first observation correlated with the second
(r = 0.98 for rest and r = 0.92 for pacing) (Fig. 4).
The number and percent of intraobserver and interob-
server concordant scoring for each segment. both at rest and
during pacing , are presented in Tables 3 and 4. By individual
segment and contractile score, the two observers were in
complete acco rd for 89% of segments at rest and for 84%
dur ing pacing. The same observer was in complete accord
for 92% of segments at rest and for 83% durin g pacing.
Disagreement was never more than grade I for a segment.
Exercise electrocardiography. Table 5 lists the results
of the electroca rdiographic analysis at rest and durin g ex-
ercise . Three of 24 patient s without significant coron ary
artery disease had a positive exe rcise electrocardiographic
test (in one of these patients , transesoph ageal atrial pacing
two-dimensional echocardiography also was positive). Thirty
of 53 patient s with coronary artery disease had a positive
exercise electrocardiographic test (transesophagea l atria l
pac ing echocardiography was again posit ive in all but one).
Thu s, the specificity and sensitivity of exercise electrocardi-
ogra phy in detecting coronary artery disease in our series
were 88 and 57%, respectively. Eighteen patients had
electrocardiographic evidence of prior myocardial infarc-
tion . Overall sensitrvity for exercise electrocardiography
(ST depre ssion and Q waves) was 79%.
In the 77 patients who performed exercise testing , the
rate-pressure product at peak exercise was significantly higher
Figure 4. Correlations in the 20 patients between wall motion
score (WMS) evaluations performed on two different occasions
by one observer (left panels) and by two observers (right panels).
Correlations were performed for data at rest (upper panels) and
at peak pacing (lower panels).
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Table 3. Intraobserver Concordance for Each Segment Score in 20 Patients
Anterior Septum Diaphragmatic Lateral
B M B M B M B M Apex
Concordance 19 18 18 19 17 17 19 19 19
at rest (95%) (90%) (90%) (95%) (85%) (85%) (95%) (95%) (95%)
Concordance 14 14 18 16 16 15 19 19 18
during TAP (70%) (70%) (90%) (80%) (80%) (75%) (95%) (95%) (90%)
B = basal third; M = middle third; TAP = transesophageal atrial pacing.
(p < 0.00 I) than that obtained in the same group of patients
at peakpacing (24,875 ± 6,944.1 versus 21,394 ± 2,986.7).
Discussion
In patients with coronary artery disease, left ventricular
function may be normal at rest. Thus, various types of stress
(9), such as exercise, isoproterenol infusion and rapid atrial
pacing, have been used to elicit left ventricular dysfunction
which can be appreciated noninvasively with imaging tech-
niques such as radionuclide angiography (25-29), digital
ventriculography (30-33) and two-dimensional echocardi-
ography (1-6).
Two-dimensional echocardiography during atrial
pacing. We studied a consecutive series of 81 patients with
a technique recently introduced in our laboratory (24), namely,
two-dimensional echocardiographic imaging of the left ven-
tricle during noninvasive transesophageal atrial pacing for
detection of new or increased wall motion abnormalities.
Our data indicate that this technique can be highly sensitive
(91%) and specific (88%) in detecting patients with coronary
artery disease. In fact, 3 of the 25 patients without significant
coronary artery disease and 51 of the 56 patients with coro-
nary artery disease had wall motion abnormalities during
pacing. In the coronary artery disease group, if we consider
only the 25 patients with normal left ventricular wall motion
at rest, sensitivity still remains good (80%). The possibility
of detecting coronary artery disease by this simple procedure
in patients with chest pain, sometimes negative or borderline
exercise electrocardiographic test results and often normal
left ventricular wall motion at rest by two-dimensional echo-
cardiography considerably improves the diagnostic capa-
bility in this field.
Of the 31 patients with coronary artery disease and wall
motion abnormalities at rest, all but 2 developed new or
increased wall motion abnormalities during transesophageal
atrial pacing. In patients with previous myocardial infarction
in whom the diagnosis of coronary artery disease is obvious,
the detection of pacing-induced wall motion abnormalities
represents a useful clinical indicator of viable myocardium
at jeopardy.
Comparison with exercise electrocardiography. Our
data show that two-dimensional echocardiography during
transesophageal atrial pacing has a better sensitivity (91
versus 79%) than exercise electrocardiography. This dif-
ference in sensitivity is more apparent in patients with nor-
mal wall motion at rest (80 versus 60%). In fact, 10 of the
25 patients with coronary artery disease and a normal wall
motion at rest also had a negative stress electrocardiogram.
Among these 10 patients, certainly the most difficult to
diagnose, transesophageal atrial pacing during two-dimen-
sional echocardiography was positive in 6. Conversely, all
but one patient with coronary artery disease and a positive
exercise electrocardiogram also had a positive two-dimen-
sional echocardiogram during pacing.
Cardiac imaging obtained with other techniques dur-
ing transvenous rapid atrial pacing. Our data are similar
to those of other investigators (7, 10,31-33) who used trans-
venous atrial pacing in conjunction with other cardiac im-
aging techniques to detect wall motion abnormalities in most
of their patients with coronary artery disease. More recently
McKay et al. (34) detected myocardial perfusion defects
Table 4. Interobserver Concordance for Each Segment Score in 20 Patients
Anterior Septum Diaphragmatic Lateral
B M B M B M B M Apex
Concordance 19 17 19 19 17 16 18 17 19
at rest (95%) (85%) (95%) (95%) (85%) (80%) (90%) (85%) (95%)
Concordance 14 16 19 18 16 15 18 17 18
during TAP (70%) (80%) (95%) (90%) (80%) (75%) (90%) (85%) (90%)
Abbreviations as in Table 3.
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Table 5. Results of Exercise Stress Electrocardiography
in 77 Patients
Positi ve
n Q Sn Test
No CAD 24 0 3 (12%) 3 (12%)
CA D 53 18 (35%) 30 (57%) 42 (79%)
Group A 25 0 15 (60%) 15 (60%)
Group B 28 18 (64%) 15 (54%) 27 (96%)
I VD 20 8 (40%) 6 (32%) 13 (63%)
2V D 15 4 (29%) 9 (60%) II (73%)
3VD 18 6 (33%) 15 (83%) 18 (100%)
Abbreviations as in Tables 1 and 2.
during pacing in 17 of 20 patient s with coronary artery
disease and demonstrated the existence of a significant cor-
relation between the postpacing end-d iastolic pressure or
the number of diseased coronary vessels and the amount of
hypoperfused myocardium during maximal cardiac pacing .
Advantages of two-dimensional echocardiography
during transesophageal atrial pacing. Our method has
several advantages over other noninvasive techniqu es for
imaging left ventricular wall motion during stress . It is much
less expen sive , easy to perform , repeatable and obtainabl e
at the patient ' s bedside. For these reasons, it may be em-
ployed in any cardiology facilit y.
Transesophageal atrial pacing was proposed as early as
1952 (17) for the diagno sis and treatment of arrythmia s.
However, its use has been limited by lack of consistent
atrial capture and patient discomfort resulting from high
electric current requirements. The recent improvement in
the technique by using wide pulse duration (up to 10 ms)
and long interelectrode distance (up to 29 mm) enables an
effective atrial capture to be achieved at a relatively low
threshold without patient discomfort . In our series, trans-
esophageal atrial pacing was ineffective in four cases: in
two because atrial capture was not achieved and in two
because it induced chest discomfort .
Advantages over exercise echocardiography . Trans-
esophageal atrial pacing two-dimensional echocardiography
presents some important advantages over exerci se two-di-
mensional echocardiography. I) The quality of two-dim en-
sional echocardiographic images dur ing or after exercise is
often affected by lung interposition secondary tohyperpnea
and by chest wall motion. The frequent interspacing of
echocardiographic images with respiratory artifacts does not
allow a large number of consecutive cardiac cycles to be
recorded, making the evaluation of wall motion abnormal -
ities extremely difficult. Therefore , it is " imperative to have
a video system capable of slow-motion bi-directional display
of the recorded images" (35); these video systems, how-
ever , are not currently included in echocardiographic equip-
ment and, therefore, extra expense is often required . In
contrast, during atrial pacing , the patient breathes normally
and remains immobile and , therefore, echocardiographic
images are always of unchanged quality compared with
basal images; no patient in our study had to be excluded
because of inadequacy of two-dimensional echocardiog-
raphy during transesophageal atrial pacing.
2) Atrial pacing , a recognized good alternative to ex-
ercise, has some advantages over exercise . It can also be
performed in patients with poor exercise tolerance . If in-
terrupted, it allows an immediate return to basal hemody-
namic cond itions and , therefore , it can be performed safely
soon after myocardial infarction (14, 15) and in patients with
unstable angina.
Advantages over exercise radionuclide ventriculography.
Transesophageal atrial pacing two-dimensional echocardi-
ography also presents some advantages over exercise radio-
nuclide ventriculography, which is a useful and reliable
techniqu e (25-29) but expensive and not available in many
cardiology institutions. The method presented here is much
less costly and can be performed with devices that are more
available than those using radionucl ides.
Advantages over digital angiography . Recent reports
(31-33) outlined the diagnostic value of digital angiography
during transvenous atrial pacing. Transcsophageal atrial pacing
two-dimensional echocardiograph y also has some important
adva ntages over this technique. I) Wall motion abnormal -
ities of the ventricular septum and posterolateral wall are
easi ly detected by echocardio graph y, but are missed by dig-
ital angiography performed in a standard right anterior oblique
projection . 2) Tran sesophageal atrial pacing two-d imen-
sional echocardiography does not require injection of con-
trast material. 3) This method allows continuous monitoring
of the left ventricular dynamics dur ing the entire test, which
can be interrupted earlier if wall motion abnormalities are
elicited .
Limitations. The method here described presents some
limitations. I) Two-dimensional echocardiography presents
a well known limitation that other noninvasive cardiac im-
aging techniques, such as radionuclide ventriculography and
digital subtraction angiography, do not have; namely, an
adequate two-dimen sional echocardiographi c study is not
obtainable in all patients because of several limiting factors
(36). Fifteen (15%) of the 100 patients in our series had
poor quality echocardiographic images at rest and, there-
fore. were not submitted to transesophageal atrial pacing.
2) Atrial pacing is an artificial stress that is different from
real life situations. In general, dur ing pacing, cardiac vol-
umes decrease and blood pressure does not change signif-
icantly; therefore , this stress does not allow one to obta in,
in most cases, a rate-pressure product as high as that reached
with exercise. It is possible that in some patients with coro-
nary artery disease , wall motion abnormalities may not de-
velop because of a relatively lower oxygen demand occur-
ring dur ing pacing. 3) The transesophageal approach is
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sometimes ineffective. In our series, four patients were ex-
cluded: two because atrial capture was not achieved and
two because transesophageal atrial pacing induced chest
discomfort that was not tolerated by the patient. 4) At a rate
of 150 beats/min, there are fewer video frames during the
ejection period and less time to appreciate a regional wall
motion abnormality. This limitation can be overcome with
utilization of a video system capable of providing slow
motion display to mimic the heart rate at rest.
Conclusions. Two-dimensional echocardiography dur-
ing transesophageal atrial pacing seems to be a useful tool
in the detection of coronary artery disease and presents some
advantages over other stress cardiac imaging techniques cur-
rently used. Because of its safety and ease of repeatability,
the pacing stress test may also be used in patients with
relative contraindications to exercise such as unstable angina
and very early myocardial infarction (14-15). This tech-
nique is also potentially useful for the evaluation of changes
in left ventricular regional motion in medical or surgical
interventions and follow-up of patients with coronary artery
disease.
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